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Abstract. The family Araneidae is the third largest among spiders and the third most studied from a cytogenetical point of 
view. In spite of this, only 2% of all araneids have been karyotyped. The majority of araneids analyzed possess In = 24 
chromosomes in males; however, the study of additional species could reveal unusual karyotype characteristics. Thus, the 
aim of this work is to analyze chromosomally, for the first time, six species belonging to three araneid genera from Brazil. 
The specimens of Alpaida leucogrammci (White 1841), Alpaida truncata (Keyserling 1865), Alpaida veniliae (Keyserling 
1865), Parawixia kochi (Taczanowski 1873), Parawixia velutina (Taczanowski 1878) and Wagner kina sp. were collected in 
Parque Nacional de Ilha Grande and in the municipality of Rio Claro. The gonads were treated with colchicine and 
hypotonic solution before fixation with Carnoy I solution. The results were 2ni = 24 (1III+X 1 X 2 ) in A. leucogramma and 
P. velutina, and 2/r7 — 22 (10II+XiX 2 ) in A. truncata, A. veniliae, P. kochi and Wagneriana sp. When the chromosomal 
morphologies were established, we observed telocentric chromosomes in all specimens save one female specimen of P. 
velutina. The univalent sex chromosomes were easily recognized on diplotenes. The unpaired metacentric element found in 
one female specimen of P. velutina with In = 25 probably arises by centric fusion/fission. Araneidae is a megadiverse family 
composed of ~3000 species distributed mainly in the tropics; thus the analysis of more species may provide new insights 
about orb-weaver chromosome evolution. 
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Despite the fact that the spider family Araneidae Clerck 
1757 is the third largest, comprising 3006 species in 168 genera 
(Platnick 2011), only 65 species from 20 genera have ever been 
cytogenetically characterized (approximately 2% of the total 
diversity). Although relatively few araneid species have been 
studied, they represent the third most studied family from the 
cytogenetical point of view. However, there are many gaps 
remaining in our knowledge of this diverse group. Of the 65 
species studied, at least 50 show a diploid complement of 2n3 
= 24, with 22 autosomal elements and an XjX 2 sex 
chromosome system. The remaining species’ diploid number 
varies from 2 nS = 13 to 2 nS = 49. Moreover, while the XjX 2 
sex chromosome system is the most common within the 
family, the type X occurred with a smaller frequency, and the 
X t X 2 X 3 and XY types were each observed in only one species. 
The chromosomal morphology for most species is classified as 
acro/telocentric (summarized in Table 1). 

The araneid genera Alpaida O. Pickard-Cambridge 1889, 
Parawixia F.O. Pickard-Cambridge 1904, and Wagneriana 
F.O. Pickard-Cambridge 1904, represent genera that have 
never been cytogenetically evaluated. The genus Alpaida is 
limited to Central and South America and comprises 140 
species (Platnick 2011). Alpaida leucogramma (White 1841) 
and Alpaida veniliae (Keyserling 1865) are distributed from 
Panama to Argentina (Platnick 2011). Alpaida truncata 
(Keyserling 1865) is found from Mexico to Argentina (Levi 
1988; Platnick 2011). The genus Parawixia includes 31 species, 
which occur almost exclusively in Central and South America. 
Parawixia kochi (Taczanowski 1873) is found from Trinidad 
to Brazil and Parawixia velutina (Taczanowski 1878) is 
recorded from Colombia to Argentina (Levi 1992; Platnick 


2011). The genus Wagneriana comprises 41 species distributed 
mainly in Central and South America (Levi 1991; Platnick 
2011 ). 

Cytogenetical studies of spiders are scarce, thus hypotheses 
regarding chromosomal evolution are difficult to formulate or 
test. The aim of this study is to characterize for the first time 
the species A. leucogramma, A. truncata, A. veniliae, P. kochi, 
P. velutina, and Wagneriana sp. in relation to the diploid 
number, chromosomal morphology, and type of sex chromo¬ 
some system. Our study represents the first cytogenetical 
characterization of Neotropical araneid species. 

METHODS 

Spiders were collected in the Parque Nacional de Ilha 
Grande, Parana, Brazil, and in the municipality of Rio Claro, 
Sao Paulo, Brazil (Table 2), between 2008 and 2009. After the 
gonads were dissected, the specimens were deposited in the 
arachnological collection of the Instituto Butantan (IBSP, 
curator I. Knysak) in the state of Sao Paulo, Brazil. 

Chromosomal preparations and standard staining were 
performed according to Araujo et al. (2008). The mitotic and 
meiotic cells were photographed using a digital-imaging 
capture system coupled to a light microscope, and the 
chromosomal morphology was classified according to Levan 
etal. (1964). 

RESULTS 

Alpaida .— The analyses of spermatogonial metaphases and 
spermatocytes I of A. leucogramma showed 2 nS = 24 — 
22+X^ telocentric chromosomes that decrease gradually in 
length (Fig. 1A) and 11 autosomal bivalents plus two sex 
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Chromosome 

Valid name Cited as 2 n SCS morphology Collection site Bibliography 

Acusilas coccineus Simon 1895 — 24 X!X 2 — Japan Matsumoto 1977 

Alenatea fuscocolorata (Bosenberg & Arcmeus fuscocoloratus 24 X]X 2 22A+X 1 X->A Japan Suzuki 1954 

Strand 1906) 


THE JOURNAL OF ARACHNOLOGY 


■3 11 

ss 


: c 

5 0' 

: > s 


Cs O VO i 
2 ^ 33 < 


c c c £ S ,2 - 
£ £ £ E :§! ! ! < 


T3 10 

_ _ _ c a 
'n 'n 'n 22 JS 
2 2 2 S 5 
03 ffl DU E E 


H 

X 

X 

H 


< < 

XX 

3$ 
< < 
fN (N 


S e 

.3 S 

^ -i 
g?li 

3 is 


^ 2 ^ , 
22 228 r* 

1 *n 1 
.ti c &o2 ' 
X » C ■ 
13 ^ 


! i— r— 

1 r-~ ' 


2 ^ 

S X v 


j.gu 

i-i'i i 

? s 7^ 2 2 
‘ | I -S g 

| §* |3 

«Sj -fc &! § *5 

a 3 3 5 5 
?3 ?3 73 S S 
<3 53 53 K "■ 

AA-fi. g 


44 44 44 

g g g » 
uuul 

»J vj c<5 K 


i »n <n 
i os os 


CO IT) 
Os 


60 Os 

£ 


2 22 3 S S 5? : 




n m N ^ 


44 44 

N N 
3 3 
C/5 C/5 




60 

5 o 00 
3 

2 60;~ 

J 3 C 
t x5 e 
5 N < 


2 GQ 


03 - 

.S *g 3 


e 

g | r 

< U 


w u « c 

3 eS Q*j 

66 g> ' 

* *•§<»< 
— - C as v 


^ ~ dtf ^ dtf S 


< < 

X X 

33 

< < 


xxxxxxxxx 

xxxxxxxxx 


II 

5 a 


H < 

. X , x 
IX i>< 
H < 


X X X X 
XXX X 


< < 
X X 

* I? 

< < 


X X X X X X X 
XXXXXXX 


3 3 3-0 

2 5 2: -s 
2 , -2 -2 
*3 t t ]3 
1 - 5 ^ s 


! § 


^ ^ Q s s " 

^ 

S 3 S 3 g 


^ ^ ^ ^ O ^ ^ 


- 8 S 

1 44 X ' 




« goo U 

e, £ ~ n 


.3 3 

t>C' 

S S S - 2 , a 'I 


; <n 3 

! 5 § 

! 3 C 

^ s 
! | § 


8 8 8 
XXX 


o o d d. o, a 


i 8 


-s -S ~ ^ 

.3 .3 .3 SJ o 

“3 "3 “3 g 2 




§ § 
3 j 

s s 

2 2 


? 5 > 


3 x 

g . 

2 *4 

a § 


3 3 ■ 

3 3 
3 3 


g g g ^ §. 5 

S 5 S S -r. < 
3 3 3 3 60 


QQ(J bo w m G Q Q S 


ffi ffi S 


>1 >- 
X X 


H 

X 

$ 


X X 
X X 


Os 

in ^ 

OO r-. 

G! - _ n- 

r' 3 C\ “ 

•3 2 u 

"o CO ” 3 

3 CO ^ G 
;°o^ 

, a ^ 

“ . _ U 3 

- 2 ”o ^ 

•2 »S Q w 


s S p- 3 
2 ^ -s o 
£ 3 -S tJ 
<5 S 3 -2 

5= <5U 

3, 3 , 5J ca, 
•3 -3 3 .3 

5i 5b ^ So 


XI 

V 3 00 00 


S | | 
1 X X 


< 

X 

¥ 

< 


0,-0 3-0 3 


< H 

, x x . 

'f v 


X X X X X X X 
XXXXXXX 


s. g. s, 
•2 *2 -2 
bo 60 60 


SSlI 

1 05 


_J 00 
2 « 


t|| t 5 


K <u 0 
O ■§ <% 
s® S 60 
H g M 

^ W G 

2 « a 

3 :0 

^ fc CQ 

3, 3 Q 

8-5 5 


3 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 


E3 ON On 
cS 10 13 

£ 00 00 jH 

~s 75 73 H 

Bll g, 

r Ji ^ s’ 

l§el 

111 s 

v5 <5 "3 

U O' 






ARAUJO ET AL.—CYTOGENETIC CHARACTERIZATION OF ORB-WEAVERS 


£ 

° J2 
O 'o 

a •§. 

o fcr 

J3 2 
o s 


vo © 
vo vo 
OV ov 




vo 5? S 


03 3 3 
.tJ N N 
2 W Cfl 


OV Ov 

'J2 12 


m ■rt oo 
OO OO 00 
ONO\ 


_<u 

u u o 

ca cs cs 
033© 

uuu« 

~ 

S 5 S 5 
Q Q Q § 


t~- t- 
oo oo 
ov ov 


<u 1—1 <D < 


VO cb> vo VO 
OV ^ ov OV 

•2 § 2 2 2 

§ £ w S § Q 


51^ 4 

i 

*3 £ J 
S3 Q 00 


U S £ 

*« §.- 
B g-g 
I 2? 1 

Qh« 


•| § 
s < 


m oo m 


2 2 2 
QQQ 


© VO 
VO VO 
© OV 


© vo 

■ VO X? 
Ov ^ 


Q, CLcT? T3 -a T3 


.2 .2 < ; 
| | g j 


; a; £ £ £ £ 


ov <u Ov V 

B 2 2 § B *i 

I ‘111II 


’033-03 Cu 
C C C C C 3 


< 

< < 

< H 

< 

< X < 

H 

H 

H 

< 

< < 

< 

X 

X X 

X X 

X 

XXX 

X 

X 

X 

X 

XX 

X 

£ 1 

i >f >f 

i *>< ! 

3 ! 

! : ! * * ¥ 1 

i x i ii 

! x | 

X 

1 3 1 

1 ££ 

3 

< 

< < 


< 

< H < 

it < 

it 

ft 

< 

< < 

< 


XXXXXXXXXXX 

XXXXXXXXXXX 


O-vfTfrfiTiTTrvj-^Tf^ 


X 

M M N M m x 

xxxxxxxx 

XXXXXXXX 


2: 2: 2: 2: 2: c 


X X 
X X 


X 

X X 


XXX 

XXX 


«j ~ u § 

5 2 2 ° 5 8 

g *3 S § g 


i ^ ^ ^ X 



22 B 


8 

X 

J 

o 


c oo 

X N 


X XXXXXX X 
X XXXXXX X 


I 
& 
.§*, 
5b > 


P -a 

uCouCCuu 


§ o o 
«S t! tj 
^3 o o 


^ 2 
•S 


a ov ^ 

d a a a „ . 

1/3 1/3 5/5 c !S 
•S .2 -2 -2 § -2 


: o ,c c .« .§ 

« . 3 3 5! a 

^ 










Araneidae Simon 1895 


340 


THE JOURNAL OF ARACHNOLOGY 










ARAUJO ET AL.—CYTOGENETIC CHARACTERIZATION OF ORB-WEAVERS 


341 


Table 2.—List of species cytogenetically analyzed in the present study, with the number of specimens (males and females) studied, number of 
cells analyzed (Cells), collecting location and deposit number of the specimens in the arachnological collection of the Instituto Butantan (IBSP). 
The number of specimen of P. velutina with 2 n = 25 is in bold letters. 


Species 


9 

Cells 

Collection site 

IBSP 

Alpaida leucogramma 

1 

- 

30 

Campus UNESP (22°23'33.97"S, 
47°32'37.39"W), Rio Claro, Sao Paulo, 
Brazil 

53028 

Alpaida truncata 

2 

- 

107 

Sao Francisco Island (24°00'32.40"S, 
54°09'52.18"W), Parana, Brazil 

153928, 151186 

Alpaida veniliae 

1 

1 

27 

Xambre lake margins (23°52'48.64"S, 
54°0'12.25"W), Altonia, Parana, Brazil 

145318, 145319 

Parawixia kochi 

1 

- 

62 

Sao Francisco Island (24°00'32.40"S, 
54°09'52.18"W), Parana, Brazil 

123695 

Parawixia velutina 

3 

3 

348 (224 - 2n=24 
and 26; 124 - 2/7=25) 

Sao Francisco Island (24°00'32.40"S, 
54°09'52.18"W), Parana, Brazil 

123717, 154838, 154847, 
154844, 154842, 

151176 

Wagneriana sp. 

1 

- 

287 

Sao Francisco Island (24°00'32.40"S, 
54°09'52.18"W), Parana, Brazil 

152927 


univalents (11 II+XiX 2 ) (Fig. 2A). The sex chromosomes Xj 
and X 2 are the smallest of the complement (Figs. 1A, 2A). 
Diplotenes of A. truncata (Fig. 2B) and A. veniliae (Fig. 2C) 
showed meiotic formulae comprising 10 autosomal bivalents 
and two sexual univalents (10II+XiX 2 ) for both species, 
indicating a diploid number of 2 nS = 22, composed of 20 
autosomes and the XiX 2 sex chromosomes. In A. truncata the 
Xi and X 2 sex univalents always appear to be side-by-side 
(Fig. 2B). In all Alpaida studied, the sex chromosomes are 
positive heteropycnotic in a number of diplotene nuclei 
(Fig. 2A-C). The majority of autosomal bivalents showed 
only one terminal chiasm, but bivalents with an interstitial 
chiasm also occurred (Fig. 2A-C). A female pachytene cell of 
A. veniliae revealed 12 chromosomal bivalents (Fig. 3A), 
indicating the occurrence of 2«9 = 24, comprising 20 
autosomes and the XiX]X 2 X 2 sex chromosome system. The 
chromosomal morphology was not established in A. truncata 
and A. veniliae , due to the lack of mitotic or metaphase II cells. 

Parawixia .—The observation of spermatogonial diplotenes 
of P. kochi and P. velutina showed 10 and 11 autosomal 

* ff || \f ,t 

A 1 2 3 4 5 6 


HII Sr n «ii 

B 1 2 3 4 5 6 

% 

1 II li ii si n 

C 1 2 3 4 5 6 


bivalents, respectively (Fig. 2D, E). Both species have two 
sexual univalents that always appear side by side and correspond 
to the Xj and X 2 chromosomes (Fig. 2D, E). Therefore, the 
meiotic formula of P. kochi is 10II+XiX 2 , corresponding to a 
diploid number of 2nd = 22. In P. velutina the meiotic formula is 
1111+ XjX 2 , indicating a diploid complement of 2nd = 24. This 
complement was confirmed by the presence of 2 ti? = 26 in 
oogonial metaphases of two females of P. velutina (Fig. IB). 
Mitotic metaphases of one female specimen of P. velutina 
showed an astonishing characteristic; the diploid number is 2 n° 
= 25, with a large unpaired metacentric chromosome (Fig. 1C), 
contrasting with the telocentric elements of the karyotype. In 
both analyzed Parawixia species, the autosomal bivalents 
showed only one interstitial or terminal chiasm. Differential 
pycnosis was not observed in any chromosome of the 
complement in Parawixia species (Fig. 2D, E). Only one 
metaphase II nucleus was found in P. kochi, showing n = 10 
autosomes and no sex chromosomes (Fig. 3B). 

Wagneriana .—The analyses of male diplotene cells in 
Wagneriana sp. revealed 10 autosomal bivalents and two 
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Figures 1A-C.—Karyotypes of araneid species. A. Alpaida leucogramma, with 2n3 = 24 =22+XiX 2 telocentric elements; B. Parawixia 
velutina, 2 n? = 26 = 22+XiXiX 2 X 2 telocentric chromosomes; C. Parawixia velutina, heterozygote specimen, 2n'l = 25 = 21+X!XiX 2 X 2 , with 24 
telocentrics and one unpaired metacentric chromosome, probably result of a centric fusion. Scale = 10 pm. 
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Figures 2A-F.—Male diplotenes of araneid species. A. Alpaida leucogramma, 11 autosomal bivalents plus two sex chromosomes (1III+X 1 X 2 ); 
B, C. Alpaida truncata and Alpaida veniliae, respectively, 10II+X 1 X2. D. Parawixia kochi, 10II+XiX 2 . E. Parawixia velutina, 11II+XiX 2 . F. 
Wagneriana sp., lOII+X^. Arrows indicate interstitial chiasma and arrowheads indicate terminal chiasma. Scale = 10pm. 


sexual univalents (10II+X 1 X 2 ) (Fig. 2F), suggesting a diploid 
number of 2n7 — 22. The autosomal bivalents presented only 
one terminal or interstitial chiasma. The sex chromosomes 
were positive heteropycnotic in relation to the autosomes and 
always appeared closely associated (Fig. 2F). It was not 
possible to identify the chromosomal morphology due to the 
lack of mitotic metaphases or metaphase II. 

DISCUSSION 

The acquisition and analysis of cytogenetic data may show 
more difficulties than the acquisition of morphological or 
molecular data; i.e., the specimens must be kept alive until 
dissection and must present cells in division (Araujo et al. 
2005). However, molecular sequencing, despite becoming 
more accessible, is not available for many researchers out of 
the major research centers. Thus, chromosomal data can be 
used 1) as a complement to molecular/morphological data, 2) 
when molecular data are not available, or 3) when 
morphological characteristics are not effective for identifying 
species (i.e., cryptic species). Moreover, the chromosome 
number has already been used in taxonomical descriptions of 
spider species (see Maddison 1996). The differences in male 
diploid number between A. truncata, A. veniliae (2n = 22), 
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Figures 3A B.- Early and late meiotic stages in araneid spiders. 
A. Alpaida veniliae female pachytene with 12 bivalents, indicating 2«? 
= 24. B. Parawixia kochi male metaphase II, n = 10 chromosomes. 
Scale = 10 pm. 


and A. leucogramma (2 n = 24), as well as between P. kochi 
(2 n = 22) and P. velutina {In — 24) could be useful as 
a cytotaxonomical character, which, together with genital 
characteristics, can be used to identify these closely related, 
sympatric species. 

The 2 nS - 22 diploid number has now been observed for 
the first time in Araneidae (see Table 1) for the species A. 
truncata, A. veniliae, P. kochi and Wagneriana sp. It is 
interesting to note that Levi (1992), in a taxonomic review, 
indicated that the genera Parawixia, Alpaida, and Wagneriana 
shared (together with Acanthepeira Marx 1883, Wixia O. 
Pickard-Cambridge 1882, Eriophora Simon 1864, Verrucosa 
McCook 1888 and others) some external morphological 
putative synapomorphies (see Levi 1992 for details). The 
presence of species with In = 22 exclusively in these genera 
among araneids could be considered further evidence of their 
close relationship. Unfortunately, there is no cytogenetical 
data on other closely related genera such as Acanthepeira, 
Wixia, Eriophora, Verrucosa and Edricus O. Pickard-Cam¬ 
bridge 1890. 

Of the three araneid genera studied here, only Alpaida was 
included in the phylogenetic hypothesis of Scharff & 
Coddington (1997), whose results do not corroborate the 
hypothesis of Levi (1992), since the genera Acanthepeira, 
Eriophora and Verrucosa appeared far from Alpaida, that 
arises within clade 63, which also includes Bertrana Keyserling 
1884, Enacrosoma Mello-Leitao 1932, Eustala Simon 1895, 
Wixia and Acacesia Simon 1895 (Scharff & Coddington 1997). 
Of these genera, the only one that has a description of 
cytogenetical data is Eustala, which possesses the most 
common chromosome number in araneids, 2 nS = 24 (see 
Table 1). Thus, a more extensive cytogenetical study of 
Araneidae representatives is necessary in order to understand 
the chromosomal evolution process that resulted in the smaller 
chromosome number (2 n = 22) in Parawixia and Alpaida. 

Araneids, in general, have exclusively acro/telocentric 
chromosomes (Table 1). Exceptions are 1) two Argiope 
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Audouin 1826 species with 2 nS = 24 biarmed or holocentric 
chromosomes (Amalin 1988; Amalin et al. 1992; Carandang & 
Barrion 1994a) and 2) one Larinioides Caporiacco 1934 and 
three Neoscona Simon 1864 species that have karyotypes 
composed of 2 n<S = 14 chromosomes, with 10 metacentric 
elements (Hackman 1948; Suzuki 1951b; Amalin et al. 1993). 
According to Suzuki (1951b), the second case probably was a 
karyotype with 2 nS = 24 acro/telocentric chromosomes that 
suffered centric fusions to form a karyotype with 2n3 = 14, 
with 10 metacentrics originated by the fusions of 20 aero/ 
telocentric elements and 4 non-fusioned acro/telocentries. 

In the Parawixia velutina specimen with 2«¥ = 25, the 
metacentric element probably arose through a Robertsonian 
fusion (centric fusion), where the centromeric regions of two 
acro/telocentric chromosomes fuse to form a single meta/ 
submetacentric chromosome, generating a heterozygosis 
condition. Frequently, chromosomal changes produce repro¬ 
ductive barriers when they cause problems during meiosis in 
heterozygotes, leading to reduced fertility, owing to the 
formation of a trivalent during meiosis and unbalanced 
segregation. However, during meiosis segregation both unbal¬ 
anced and balanced gametes could be formed (Sumner 2003). 

In the case of the heterozygote specimen of P. velutina 2«? = 
25, the meiosis can proceed in two ways: 1) generate 
unbalanced gametes that are eliminated during gametogenesis, 
do not fertilize or produce unviable embryos; or 2) the 
fusioned metacentric pairs with their two homologous 
telocentrics to form a trivalent and properly generate balanced 
gametes, some containing the metacentric and others contain¬ 
ing the two telocentrics. Unfortunately, because the heterozy¬ 
gote individual was a female, it was not possible to observe 
meiotic pairing. 

Centric fusion is a very common evolutionary change and 
has been reported in most groups of organisms (White 1973). 
This type of rearrangement, as presently verified in one 
specimen of P. velutina with 2«? = 25, was observed in the 
heterozygous condition in one male specimen of the salticid 
Evarcha hoyi (Peckham & Peckham 1883) that presents 2n3 = 
25 (with one unpaired metacentric autosome), contrasting 
with the 2n3 = 26 (without metacentric autosome) verified in 
other specimens in the same study (Maddison 1982). In many 
cases, however, the homozygous condition rapidly reached 
fixation, with the original telo/acrocentric elements disappear¬ 
ing from the population (White 1973), as seems to be the case 
for the previously cited Larinioides and Neoscona species with 
2n = 14 described by Hackman (1948), Suzuki (1951b) and 
Amalin et al. (1993). 

On the other hand, Gasteracantha hasselti C.L. Koch 1837 
and Gasteracantha kuhli C.L. Koch 1837 possess 2n = 16 
exclusively acro/telocentric chromosomes (Datta & Chatterjee, 
1983, 1988). According to Datta & Chatterjee (1988), tandem/' 
centric fusion followed by pericentric inversion from a 
karyotype with 2nS = 24 acro/telocentric chromosomes is 
involved in the origin of the karyotype with 2 n = 16; and, 
owing to the pericentric inversions, there are no metacentric 
chromosomes in the karyotype with 2 n = 16, despite the 
chromosome number reduction. 

In this study we found four species with 2 nS - 22, 
suggesting that this diploid number could be more common 
in araneids than previously thought. This diploid number is 


also very frequent in the Theridiidae Sundeval 1833b, another 
araneoid family (Araujo et al. 2010). We also show that even 
within a genus (i.e., Parawixia and Alpaida), some species are 
2nd = 24, while others are 2nS = 22, suggesting that the 
rearrangements involved in the conversion from 24 to 22 
chromosomes or vice versa are relatively common among 
araneoid spiders. 

Thus, this study presents cytogenetical data of Neotropical 
orb-weavers for the first time. The results were slightly in 
disagreement with those recorded for Old World species, and 
further studies are required to evaluate whether the observed 
pattern persists for other Neotropical species. The cytogenet¬ 
ical characterization of representatives of the genera closely 
related to those analyzed in the present study {Parawixia, 
Alpaida and Wagneriana ), especially Araneines sensu Scharff 
& Coddington (1997), and Acanthepeira, Wixia, Eriophora, 
Verrucosa and Edricus, as suggested by Levi (1992), is strongly 
recommended as they seem to be essential for understanding 
chromosome evolution in araneids. 

ACKNOWLEDGMENTS 

The authors wish to thank Cristina Anne Rheims for her 
English review of the manuscript. This research was supported 
by Conselho Nacional de Desenvolvimento Cientifico e 
Tecnologico (CNPq - 471821/2008-0 - DA; 302148/2007-8 - 
ADB). Collecting permits were granted by the Instituto 
Brasileiro do Meio Ambiente e dos Recursos Naturais 
Renovaveis - IBAMA and the Instituto Chico Mendes de 
Conserva^ao da Biodiversidade (ICMBio) (#15157-1). 

LITERATURE CITED 

Amalin, D.M. 1988. Morphology, life history and cytology of three 
orb-weaving spiders (Araneae: Araneidae) causing araneidism in 
the Philippines. Philippines University, Los Banos, College, 
Laguna, the Philippines. 

Amalin, D.M., A.A. Barrion & L.M. Rueda. 1992. Morphology and 
cytology of Argiope catenulata (Doleschall) (Araneae:Araneidae). 
Asia Life Sciences 1:35-44. 

Amalin, D.M., A.A. Barrion & M. Jayoma. 1993. Comparative 
karyomorphology of two Neoscona species (Araneae:Araneidae). 
Philippine Entomologist 9:1-6. 

Araujo, D., A.D. Brescovit, C.A. Rheims & D.M. Celia. 2005. 
Chromosomal data of two pholcids (Araneae, Haplogynae): a new 
diploid number and the first cytogenetical record for the New 
World clade. Journal of Arachnology 33:591-596. 

Araujo, D., C.A. Rheims, A.D. Brescovit & D.M. Celia. 2008. 
Extreme degree of chromosome number variability in species of the 
spider genus Scytodes (Araneae, Haplogynae, Scytodidae). Journal 
of Zoological Systematics and Evolutionary Research 46:89-95. 
Araujo, D., U.M. Maia & A.D. Brescovit. 2010. The first 
characterization of the poisonous black widow spider Latrodectus 
gr. curacaviensis from Brazil, with chromosomal review of the 
family Theridiidae (Arachnida, Araneae). Micron 41:165-168. 
Berry, E.H. 1906. The ‘‘accessory chromosome” in Epeira. Biological 
Bulletin 11:193-201. 

Bole-Gowda, B.N. 1958. A study of the chromosomes during meiosis 
in twenty-two species of Indian spiders. Proceedings of the 
Zoological Society of Bengal 11:69-108. 

Carandang, R.B. & A.A. Barrion. 1994a. Karyotype of the egg 
chromosomes of Argiope luzona (Walck.), an orb-weaving spider 
(Araneae, Araneidae). Philippine Entomologist 9:443-447. 
Carandang, R.B. & A.A. Barrion. 1994b. Karyotype of egg 
chromosomes of an orb weaving spider Argiope shillongensis Sinha 


344 


THE JOURNAL OF ARACHNOLOGY 


(Araneae: Argiopidae). Pp. 32-33. In Integrated Pest Management: 
Learning from Experience. Pest Management Council of the 
Philippines, Inc., College, Laguna, the Philippines. 

Datta, S.N. & K. Chatterjee. 1983. Chromosome number and sex¬ 
determining system in fifty-two species of spiders from North-East 
India. Chromosome Information Service 35:6-8. 

Datta, S.N. & K. Chatterjee. 1984. The chromosome behaviour in the 
spermatogenesis of two species of Indian araneid spiders. 
Perspectives in Cytology and Genetics 4:433-436. 

Datta, S.N. & K. Chatterjee. 1988. Chromosomes and sex determi¬ 
nation in 13 araneid spiders of North-Eastern India. Genetica 
76:91-99. 

Diaz, M.O. & F.A. Saez. 1966. Karyotypes of South-American 
Araneida. Memorias do Instituto Butantan 33:153-154. 

Doan, R.N. & L.V. Paliulis. 2009. Micromanipulation reveals an X0- 
XX sex determining system in the orb-weaving spider Neoscona 
arabesca (Walckenaer). Hereditas 146:180-182. 

Gorlov, I.P., O.Y.U. Gorlova & D.V. Logunov. 1995. Cytogenetic 
studies on Siberian spiders. Hereditas 122:211-220. 

Hackman, W. 1948. Chromosomenstudien an Araneen mit beson- 
derer beriicksichtigung der geschlechtschromosomen. Acta Zool- 
ogica Fennica 54:1-101. 

Levan, A., K. Fredga & A.A. Sandberg. 1964. Nomenclature for 
centromeric position on chromosomes. Hereditas 52:201-220. 

Levi, H.W. 1988. The Neotropical orb-weaving spiders of the genus 
Alpaida (Araneae: Araneidae). Bulletin of the Museum of 
Comparative Zoology 151:365-487. 

Levi, H.W. 1991. The Neotropical orb-weaver genera Edricus and 
Wagneriana (Araneae: Araneidae). Bulletin of the Museum of 
Comparative Zoology 152:363-415. 

Levi, H.W. 1992. Spiders of the orb-weaver genus Parawixia in 
America (Araneae: Araneidae). Bulletin of the Museum of 
Comparative Zoology 153:1-46. 

Maddison, W.P. 1982. XXXY sex chromosomes in males of the 
jumping spider genus Pellenes (Araneae: Salticidae). Chromosoma 
85:23-37. 

Maddison, W.P. 1996. Pelegrina Franganillo and other jumping 
spiders formerly placed in the genus Metaphidippus (Araneae: 
Salticidae). Bulletin of the Museum of Comparative Zoology 
154:215-368. 

Matsumoto, S. 1977. An observation of somatic chromosomes from 
spider embryo cells. Acta Arachnologica 27:167-172. 

Mittal, O.P. 1960. Chromosome number and sex mechanism in 
twenty species of the Indian spiders. Research Bulletin (N.S.) of the 
Panjab University 11:245-247. 

Mittal, O.P. 1961. Chromosome number and sex mechanism in 
twenty-one species of the Indian spiders. Research Bulletin (N.S.) 
of the Panjab University 12:271-273. 

Mittal, O.P. 1966. Karyological studies on the Indian spiders VI. 
Chromosome number and sex-determining mechanism in the 
family Araneidae. Research Bulletin (N.S.) of the Panjab 
University 17:335-351. 

Painter, T.S. 1914. Spermatogenesis in spiders. Zoologische Jahrbtt- 
cher Abteilung fur Anatomie und Ontogenie der Tiere 38:509-576. 

Parida, B.B. & N.N. Sharma. 1987. Chromosome number, sex 
mechanism and genome size in 27 species of Indian spiders. 
Chromosome Information Service 43:11-13. 


Patau, K. 1948. X-segregation and heterochromasy in the spider 
Aranea reaumuri. Heredity 2:77-100. 

Platnick, N.I. 2011. The World Spider Catalog. Version 11.5. 
American Museum of Natural History, New York. Online at 
http://research.amnh.org/entomology/spiders/catalog/index.html 

Qingtao, Z., H. Hong, Y. Bing, L. Fengxiang & C. Jian. 1998. An 
observation of the spider chromosomes by single embryo-cell 
squash technique. Acta Arachnologica Sinica 7:39-41. 

Qingtao, Z., Y. Bing, H. Hong, C. Jian & L. Feng-Xiang. 1999. On 
karyotype polymorphism in Lariniodes cornuta. Acta Zoologica 
Sinica 45:238-240. 

Scharff, N. & J.A. Coddington. 1997. A phylogenetic analysis of the 
orb-weaving spider family Araneidae (Arachnida, Araneae). 
Zoological Journal of the Linnean Society 120:355-434. 

Sharma, N. & B.B. Parida. 1987. Study of chromosomes in spiders 
from Orissa. Pranikee 8:71-76. 

Sharma, G.P., K.K. Tandon & M.S. Grewal. 1960. Cytological 
studies on the Indian spiders V. chromosome complement and 
male meiosis in Hersilia savignyi Lucas (Hersiliidae), Larinia sp. 
(Argiopidae), Tetragnatha sp. (Tetragnathidae), Oxyopes ryvesii 
Pocock, and Oxyopes sp. (Oxyopidae). Research Bulletin (N.S.) of 
the Panjab University 11:201-206. 

Sokolov, 1.1. 1960. Studies on nuclear structures in spiders 
(Araneina). I. Karyological peculiarites in spermatogenesis. 
Voprosy tsitologii i protistologii, 160-186. 

Sumner, A.T. 2003. Chromosomes: Organization and Function. First 
edition. Blackwell Science Ltd., Oxford, UK. 

Suzuki, S. 1949. Cytological studies of some spiders. Zoological 
Magazine 58:89-90. 

Suzuki, S. 1950. Sex determination and karyotypes in spiders. 
Zoological Magazine 59:31-32. 

Suzuki, S. 1951a. Karyotypes in two families of spiders, Salticidae 
and Argiopidae. Zoological Magazine 60:3-4. 

Suzuki, S. 1951b. Cytological studies in spiders. I. A comparative 
study of the chromosomes in the family Argiopidae. Journal of 
Science of the Hiroshima University, Series B, Division 1 12:67-98. 

Suzuki, S. 1954. Cytological studies in spiders. III. Studies on the 
chromosomes of fifty- seven species of spiders belonging to 
seventeen families, with general considerations on chromosomal 
evolution. Journal of Science of the Hiroshima University, Series 
B, Division 1 15:23-136. 

Tugmon, C.R., J.D. Brown & N.V. Horner. 1990. Karyotypes of 
seventeen USA spiders species (Araneae, Araneidae, Gnaphosidae, 
Loxoscelidae, Lycosidae, Oxyopidae, Philodromidae, Salticidae 
and Theridiidae). Journal of Arachnology 18:41-48. 

White, M.J.D. 1973. Animal Cytology and Evolution. Third edition. 
Cambridge University Press, Cambridge, UK. 

Youju, W., S. Daxiang, W. Xiuzhen & Y. Zhenling. 1993. Preliminary 
studies on the chromosome of four species of spiders. Acta 
Arachnologica Sinica 2:110-113. 

Zhang, Y.J. & S.J. Tong. 1990. The routine method for preparing the 
chromosomes in spiders. Chinese Journal of Zoology 25(6):30-31. 


Manuscript received 1 October 2010, revised 10 April 2011. 




